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的土壤 pH 值数据。主要结果如下： 
  对比峨眉山和贡嘎山两个样地峨眉冷杉树种的研究发现：与实测土壤 pH 值
表现出显著相关性的年轮单元素指标在峨眉山表现为木质部 Ca，Mg 和 Mn 的浓
度，在贡嘎山则只有木质部 Mn 浓度；与实测土壤 pH 值表现出显著相关性的元
素摩尔比率指标在峨眉山表现为木质部 Ca/Mg，Ca/Mn，Mg/Mn，Mg/Al 和 Mn/Al，
在贡嘎山则表现为木质部 Ca/Mg，Ca/Mn，Mg/Mn 和 Mn/Al。 
我们用两个研究样地与实测土壤 pH 值相关性最高的峨眉冷杉木质部 Ca/Mg
（r = -0.84, P < 0.01）和 Ca/Mn（r = 0.87, P < 0.01）的摩尔比分别重建了峨眉山和


















行了分析，发现与实测土壤 pH 值表现出显著相关性的单元素指标表现为 Mg 和
Mn，摩尔比率指标只有 Ca/Mg 和 Ca/Ba，显著性指标在数量上少于峨眉冷杉。
用与实测土壤 pH 值相关性最高的美容杜鹃木质部 Ca/Mg（r = -0.82, P < 0.01）同
样对川西亚高山森林生态系统土壤 pH 值的历史变化进行了重建。重建结果与已
























Acid deposition arose as one of the global environmental problem, which has 
caused serious environmental damage and ecological degradation in many areas. 
Since then, people carried out many researches, and there have been several 
knowledge in the properties and the effects of acid rain on environment. Presented as 
a main reason for the decline and mortality of forest species, soil acidification mainly 
caused by acid deposition has become a considerable concern in the world. Although 
there is lack of historical monitoring data for evaluating the long-term changes in soil 
acidity in most areas, we can overcome it by virtue of the radial variations in element 
contents in tree rings which offer the potential to detect the changes in soil chemistry. 
According to the points stated above, in order to obtain best suitable indicator of 
dendrochemistry for soil acidity reconstruction, we chose two distinct sites (severe 
acid deposition site-Emei Mountain and clean site-Gongga Mountain) in the subalpine 
forest ecosystems of western Sichuan. We sampled soil at 0-30 cm depth and 
measured soil acidity (pH), base saturation (BS), effective cation exchange capacity 
(CECe) and exchangeable Na, Mg, K, Ca, Mn and Al concentration in Emei Mountain 
and Gongga Mountain. The tree ring widths and element contents of Ca, Mg, Mn, Al, 
Sr and Ba were determined in tree rings of Abies fabri (sensitive to acid deposition) 
and Rhododendron calophytum (tolerant to acid deposition) at the two sampling sites. 
Their molar ratios (log10-transformed) were also computed for obtaining the 
correlations for element contents and their molar ratios of the last six-year xylem with 
actually observed soil pH data. Then the stepwise regressions were performed to 
select the best indicator of soil pH. Finally, based on those parameters in the tree rings, 
soil pH values of all time series were computed by the regression equations. The main 
results of our reseach are as follows: 
Comparative Study of Abies fabri between the two sampling sites was shown as: 
The correlations of the recent xylem element contents with actual soil pH values were 














Mountain. Significant correlations between xylem molar ratios and soil pH values 
were revealed for Ca/Mg, Ca/Mn, Mg/Mn, Mg/Al and Mn/Al in Emei Mountain, and 
for the same ratios except Mg/Al in Gongga Mountain. 
The highest correlation parameters of xylem Ca/Mg (r = -0.84, P < 0.01) and 
Ca/Mn (r = 0.87, P < 0.01) of Abies fabri were ultimately selected to reconstruct the 
historical changes of soil pH in Emei Mountain and Gongga Mountain, respectively. 
The validity of the soil pH reconstruction could be directly verified by published 
actual soil pH data in recent 20 years in Emei Mountain and Gongga Mountain 
respectively. Significant correlations were also revealed between reconstructed pH 
values and the mean ring widths at both sites, which indirectly demonstrated the 
validity of soil pH reconstruction. 
We also investigated the dendrochemistry of Rhododendron calophytum 
(co-dominant with Abies fabri) in Emei Mountain. Significant correlations were 
revealed for Mg and Mn between the recent xylem element contents and actual soil 
pH values, and for Ca/Mg and Ca/Ba of correlation parameters in xylem molar ratios. 
Indicators with significant correlation were less than Abies fabri in quantity. The 
highest correlation parameters of xylem Ca/Mg ( r = -0.82, P < 0.01) in Rhododendron 
calophytum had also been selected to reconstruct the historical changes of soil pH in 
the subalpine forest ecosystems of western Sichuan. No significant correlations were 
revealed between reconstructed pH values and actual soil pH data in recent 20 years, 
which directly demonstrated the invalidity of Rhododendron calophytum for soil pH 
reconstruction, and its tree ring information is not suitable to reconstruct soil acidity. 
In a word, we concluded that the xylem elememt molar ratios in the xylem of 
Abies fabri have an advantage compare to the single element in soil acidity 
reconstruction in the subalpine forest ecosystems of western Sichuan. Abies fabri was 
superior to Rhododendron calophytum for indicating the historical changes of soil 
acidity at the study area due to its characteristic of high sensitive to acid deposition.  
 














第 1 章  前言 
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义的“酸雨”最早引起注意。“酸雨”通常是指 pH 低于 5.6 的降水，这一概念在
1872 年由英国化学家 Robert A. Smith 首次提出，是大气污染的一种表现形式[2]。 
 
 
图 1.1 全球硫循环[3, 4] 
Figure 1.1 Fluxes of sulphur in different forms between global compartments 





























20 世纪 60 年代以来，随着人类活动的大规模增加，化石燃料的消耗逐年升
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